Abstract
INTRODUCTION
In conducting their search for metallic ores, explorationists are faced with a severe problem of selecting and acquiring information that can advance their specific work. A great variety of data, or factual knowledge, may feed into an exploration program. The sources of such data are many, their scale of observation is greatly variable and the potential volume of their details is vast. For example, in addition to personal observation in the field, sources of exploration data may include: thin sections for microscopic analysis; samples of rock, soil and water for chemical analysis; geophysical maps for extrapolating beyond the outcrop; aerial photographs for stratigraphic trends; and radioactive ages for chronological relationships.
Recently, these sources have been augmented by spectral surveys from airborne and orbital platforms. Each source of data, in its own way, presents a wealth of detail. No one source can stand alone as the fount of geological information and none can serve as a substitute for another in the sense of completely replacing it. This paper is concerned primarily with remote sensing and the integration of relevant data into information, or instructional knowledge, which may be used to make appropriate decisions in an exploration program. As is well known, such information includes: (1) peripheral factors e.g. terrain conditions, current weather, environmental changes; (2) broad inferences and conditional analogies that lead to the recognition of exploration targets; (3) specific indicators that suggest the presence of mineralization; and (4) definitive analyses that establish the presence of ore. Remote sensing can, and regularly does, provide some information in each of the first three classes. However, it should be immediately obvious that no type of remote sensing, however defined, can provide the specific information required to establish the presence of ore.
WHAT IS REMOTE SENSING?
In its broadest scope, remote sensing can be defined as: the measurement or acquisition of information about some property of an object or phenomenon by means of a recording device that is not in physical or intimate contact with the feature under study (after Reeves et al., 1975 (after Reeves et al., , p. 2102 . However, such a definition includes, among others, such exploratory practices as geophysics and geochemistry as well as astronomy and medical diagnosis. For some years, a few practitioners have argued that the concept of remote sensing should be narrowed to represent a practical paradigm i.e. an accepted model or body of knowledge which serves, for a time, to guide the collective research and practice of a specialized community of scientists or technologists (after Kuhn, 1970) . Thus, the following practical definition is used herein (c.f. Gregory, 1972; Gregory and Moore, 1975) : 
Contents
So defined, remote sensing has Ii ttle capabili ty for measuring below the surface of the ground, except for the limited penetration of low-frequency microwaves. This restricted meaning includes most work reported as remote sensing (c.f. Gregory, 1972; Anon., 1977) but does not satisfy the purists. On the other hand, there are valid reasons for including gamma radiation in the definition although current practice tends to place it in exploration geophysics. The argument, however, is really pedantic because the paradigm of remote sensing will surely expand and ultimately subdivide. Over the years, geophysics has split into exploration geophysics, solid earth geophysics and atmospheric physics and then, subsequently, exploration geophysics has split into magnetics, gravity, electromagnetics and the other practical paradigms that were represented in this symposium.
FUNCTIONS OF A REMOTE SENSING SYSTEM
A restricted definition of remote sensing does not imply that the technology of remote sensing comprises a relatively few tools. Indeed, there is great variety in the choice of possible components for a remote sensing system. However, for the purposes of this review, the components may be grouped together in terms of functions, of which the following four are principal from the applications point-ofview:
1. Sensing: The potential number of sensors required to cover the remote sensing spectrum is vast; some sensors are as old as the camera while others are as new as the Fraunhofer line discriminator;
2. Coverage: The platforms which carry sensors constrain the velocity, altitude and scale, field of view and repetition of the actual sensing as well as the means of transmitting the data for subsequent operations; 3. Preprocessing: Digital and/or photographic processing may be required to present the data set in a format suitable for interpretation;
Interpretation:
This is the essential function of the remote sensing system in that useful information is derived from the data by mechanized, digital, optical and/or visual techniques, all supported by human judgment.
Sensing
A great array of sensors is available (Reeves et al., 1975, p. 235-537) to measure the intensity of radiation as functions of wavelength, time, geometry, phase change or polarization. No single instrument can do all these things well, or even satisfactorily, because each sensor emphasizes some parameters at the expense of others. Imaging sensors stress spatial resolution.
Maximum resolvable detail is attained in the visible band. In the ultraviolet and thermal infrared, resolution is about one order of magnitude less while radar is almost another order of magnitude lower. Nonimaging sensors relate intensity to factors other than scene geometry. Active sensors, such as radar, provide their own illumination while passive sensors measure radiation that originated elsewhere.
Each sensing system records some attribute of a cover class (e.g. vegetation, water, soil, buildings, and, here-and-there, rocks) as measured through the atmosphere.
Thus, the sensor is the definitive component of the remote sensing system in that it specifies the range of radiation parameters that can be measured.
The more specific the sensor, the more carefully it must be matched to the spectral characteristics of the target. Such matching is one key to practical remote sensing.
Coverage
Sensors and ancillary equipment are carried on platforms that provide access and mobility relative to the target. Many types of platforms are available (Reeves et al., 1975, p. 538-588) . Free and tethered balloons, powered aircraft of all sizes, helicopters, drones, dirigibles, sailplanes and manned and unmanned spacecraft all have been used at one time or another because of particular advantages. Depending upon the specific sensing system, data may be returned to base station by telemetry or by physical return of films and magnetic tapes. In many cases, the user's choice of platform is more limited than the preceding list suggests because of restricted availability or high cost for a particular platform. On the other hand, a wide variety of data collected from restricted platforms, especially at high altitudes, may be available if the user contacts the responsible agencies.
Thus, the type of platform may markedly affect scale, spatial resolution, field of view and format of raw data, as well as periodicity for repeated acquisition and temporal analyses. Hence, choice of platform and related coverage are important considerations in planning for remote sensing.
Preprocessing
As used here, preprocessing refers to operations performed on a set of remotely sensed data in order to compile that data in the format most suitable for subsequent interpretation. Preprocessing includes three different types of operations, which are here referred to as: (1) restoration, which removes effects that are inherently extrinsic to the target; (2) modification, which purposely alters the data-set to match standard conditil;Jns or to emphasize selected characteristics in the data; (3) correlation, which interrelates and registers several sets of data on a common geometric base. Typical restoration includes correction for geometric and radiometric distortions in the sensing system and clean up of artifacts and noise.
Common modifications include reduction to standard conditions for atmospheric transmission and/or illumination; contrast stretching; density slicing; spectral classification; addition, subtraction and ratioing of bands; selective filtering and edge enhancement (c.f. Reeves et al., 1975, p. 688-710) .
Often such modification may improve the interpretability of the data although it may destroy their original character.
Correlation primarily involves manipulation of data sets to register them on a common base e.g. aeromagnetics or radar with Landsat, or change detection using similar data for different dates (c.f. Fischer et al., 1976) . It may also include statistical analyses to define the probabilities of relationships between features in the data sets.
The choice of preprocessing needs to be carefully considered because it can significantly affect the quality and, in some cases, the very success of subsequent interpretation. While digital processing may blur the distinction between preprocessing and interpretation, the functions are inherently and distinctly different.
Interpretation
In general, interpretation is the operation that assigns significance to the preprocessed remotely sensed data and, thereby, defines their utility.
Spectral data are seldom sufficient, in themselves, to identify an object. With a few notable exceptions, the concept of unique spectral signatures is not generally valid in any field of remote sensing. Shape, texture, pattern and context are important, and usually essential, clues to the identification of geological features (c.f. Grossling and Johnston, 1977, p. 34-37) . Unfortunately, detailed geometric and contextual data are not readily incorporated into digital systems.
While interpretation is not always amenable to rigid statistical expression, it is a probabilistic statement about the target and its environment. The greater the knowledge concerning the capabilities and limitations of the system and its target, the greater will be the probability of correct interpretation. Obviously, if the target is well known, there is Ii ttle need for interpretation except as calibration or verification of technique.
The interpretative process comprises three stages that may appear to be an iterative continuum:
(1) analysis, which identifies, selects and calibrates useful observables from the more numerous elements of the data set; (2) synthesis, which puts the selected observables together in the context of the user's need; and (3) explanation, which integrates complementary data and human judgment with remote sensing to derive significant information.
Feature extraction, thematic classification, mapping, mensuration and change detection are the principal activities of interpretation. There are many visual, machine-assisted and digital methods for solving the related problems (Reeves et aI., 1975 (Reeves et aI., , p. 711-787, 869-1076 . Automation and digital processing may accelerate these interpretive operations but, as practically foreseen, they will not obviate the need for human judgment especially with respect to geomorphic expression of rocks exposed to different climatic conditions (c.f. Doyle, 1977; Gregory, 1973, p.89; Grossling and Johnston, 1977, p. 37-39; Reeves et al., 1975 Reeves et al., , p. 1072 .
Experience has shown that not all professional resource scientists are good interpreters (c. f. Reeves et aI., 1975 Reeves et aI., , p. 1057 . There are striking differences between individual interpreters, especially with respect to consistency, accuracy, colour discrimination and other personal factors. Imagination (which is the synthesis of new concepts), prior experience and accumulated knowledge are also key factors in interpretation. Accordingly, the quality of interpretations, be they digital, machine-assisted or manual, will continue to be influenced by the specific capabilities of the human beings involved in the process.
In the context of mineral exploration, remotely sensed data are surrogates for observables related to geology, among other things, as seen through the atmosphere. Interpretation of remotely sensed data by an experienced geologist is no less factual than the interpretation of visual observations on an outcrop, although the scale of observation and the size and nature of the observable may be different. Few geological observables are seen in their totality on either outcrops or images. Obviously, the closer the geologist is to the rock, the smaller the observable that he can utilize; and, also, the more detail he is exposed to.
Hence, he must become more selective. On the other hand, observables of grand scale simply may not be apparent without a broad overview, such as that provided by Landsat. Thus, several sets of remotely sensed data may be required to advance mineral exploration.
In summary, the quality of any interpretation depends greatly on three choices: data, interpretive process and human interpreter. All should be carefully matched to the specific need for information in an exploration program.
Operational Remote sensing Systems
Over the past few years, numerous potential applications for remote sensing have been suggested. Regardless of how beneficial they may appear, potential applications remain potential until three factors are assessed: the need for the derived information, the timeliness of interpretation and the cost-effectiveness compared to other methods of acquiring comparable information. There is a fundamental difference between operational sensing systems and operational sensing to meet specific exploration objectives.
Failure to recognize this difference can cause financial problems for the unwary user. At this relatively early stage in the evolution of remote sensing, many sensors are still being used in experiments to develop practical applications.
However, contemporary applications in mineral exploration can be recognized for some sensing and interpretive systems which are operational and which are, or could be, used systematically with reasonable economy.
APPLICATIONS OF REMOTE SENSING IN MINERAL EXPLORATION

General
While complete data do not appear to be available, there is abundant evidence that the mineral industry is a major user, if not the principal user, of remotely sensed data. Of the many sensors available, only aerial photography, sidelooking airborne radar, aerial thermography and Landsat have immediate potential for systematic use in mineral exploration. Of these, aerial photography and Landsat are currently receiving the greatest use, presumably because of their relatively low cost (see p. 520).
For example, exploration companies and consultants involved in the search for minerals and petroleum are major purchasers of Landsat data in Canada, the United States of America, Australia and, probably, South Africa (Wukelic et al., 1976; Gregory and Morley, 1977; U.K. Remote Sensing Society, 1975; Sabins, 1974) . However, the split between use in ore exploration and use in oil exploration is not clear. The latter use may be greater although the former is significant and increasing on a worldwide scale.
Airborne Remote Sensing
Aerial Photography
Undoubtedly, conventional low-altitude aerial photography is the contemporary system of remote sensing that is most widely used in mineral exploration. As is well known, black-and-white photographs with high spatial resolution are systematically acquired and extensively used in the geological mapping of rocks and structures.
Monoscopic and stereoscopic techniques for interpreting black-and-white photographs and their relevant geological applications have been well described elsewhere (Allum, 1966; Miller, 1961; Newton, 1971; Reeves et al., 1975, p. 911-941; Tator, 1960) . Accordingly, no attempt is made here to outline either the practice or the benefits for mineral exploration. Instead, attention is directed to a few of the newer techniques that can also be applied to the search for ore.
Colour and colour-infrared (CIR) films have added a new and slightly more costly dimension to aerial photography (Smith and Anson, 1968) . While these films have a potential for improving feature identification, it is uncertain whether their capabili ties with respect to geology are worth the additional cost unless specific colour contrasts are of principal interest in the target area. Anderson (1963) noted that outcrop areas are more readily discerned on colour photography than on black-and-white at comparable scale. He concluded that colour film would be preferable if the criteria for recognition of rock types were based on colour contrasts that might not be separable on black-and-white films. Gilbertson et al. (1976) reported that both colour and false colour (CIR) were ineffective in identifying rock types (schists and amphibolites) and in distinguishing gossans from soils under arid climatic conditions. On the other hand, Slaney (1975) noted that "many, if not most, gossans known to be present" could be recognized on colour photography for part of the Canadian tundra. In addition, Offield (1976) reported that coloured aerial photographs have long been used in the search for surficial discolorations associated with sedimentary uranium deposits in arid areas.
The practical utility of multiband aerial photography in mineral exploration is equally uncertain. Discrimination between rock types, especially sedimentary rocks, does not appear to be practical (Raines and Lee, 1974) . Geobotanical differences, especially in areas of heavy vegetation, are dominant but may sometimes be useful in mapping rocks and structure (Reeves et al., 1975 (Reeves et al., , p. 1231 (Reeves et al., -1238 . Gilbertson et al. (1976) were able to enhance differences between outcrop and overburden and to distinguish between gossan and some rock types.
They concluded, however, that most differences can also be detected on conventional photography and that, because of the cost, multiband photography would not be an effective exploration tool.
On the other hand, B. Bqllviken (Norges Geologiske Undersolkelse, Trondheim, Norway; pers. comm., 1977) reported that multiband photography has detected natural poisoning of birch forests over copper sulphide deposits in Norway. Differences in texture, pattern and tone that are related to severe damage to the vegetation are visible also on black-and-white aerial photographs.
However, on such photographs, the area of copper poisoning is difficult to distinguish from common bogs (c.L Bqllviken et al., 1977) . The multi band images also defined a surrounding spectral anomaly, possibly stressed vegetation, that appears to coincide with a major geochemical anomaly.
In summary, black-and-white photography continues to be widely used for general exploration. However, colour, colour-infrared and multiband photography can provide more specific data where the metallic mineralization is known to cause geological and/or botanical anomalies that are detectable with specified film/filter combinations.
Side-Looking Airborne Radar (SLAR)
Because of its unique capability for imaging through clouds, haze and darkness, side-looking airborne radar has a contemporary application for obtaining timely and moderately detailed' data about the terrain under conditions that are not favourable for photography (Jensen et al., 1977; Reeves et al., 1975, p.443-475) . Resolution, however, is commonly less than for camera systems.
SLAR is an active microwave sensing system that illuminates terrain to the side of the aircraft and records the backscatter or reflected returns on either magnetic tape or photographic film. The SLAR image represents a continuous strip of the terrain but the image is not a "snapshot". It is produced by a line-scanning technique and, hence, may not have fixed two-dimensional geometry.
In addition, foreshortening (or layover) may be a problem in areas of high relief.
There are two basic types of SLAR. Real aperture radar (RAR) is less costly but its spatial resolution (30-100 m) varies with depression angle, range, and altitude. Synthetic aperture radar (SAR) is more expensive because it utilizes elaborate signal-processing techniques. However, it provides a finer resolution (10-30 m) that can be invariant with range and also a multispectral capability.
Most SLAR imagery is at small scales (1:150 000 to 1:500 000) but enlargements of up to 5X may be useful. Radiometric calibration is not usually required except for quantitative measurements e.g. spectral discrimination of materials on the ground.
Geometric corrections can be made, which for synthetic aperture radar, result in positional errors of less than 150 m (Peterson, 1976) . Landsat can also be used to control the geometry of SLAR mosaics. Further, SLAR can replace one spectral band in a Landsat image to provide a synergistic combination of radiations from two different parts of the spectrum (Harris and Graham, 1976 ).
The utili ty of SLAR depends on the physical nature of the terrain and on the orientation of the sensing system relative to topographic features. Depression angles must be matched to the relief of rugged terrain. Shadowing may cause severe loss of detail, especially at low angles of illumination.
Photointerpretive techniques, similar to those used with airphotos but augmented by experience with radar, comprise the basis of practical application (Reeves et al., 1975 (Reeves et al., , p. 982-1057 Parry, 1977) . Pseudo-stereoscopic viewing is preferable, provided appropriate images are available.
Surface roughness is the principal determinant of tone on a SLAR image. Specular, or mirror-like, reflection results from smooth surfaces. A diffuse, or scattered, reflection is returned from rough terrain. Intensity, or brightness, varies with angle of incidence and roughness of the surface. Electrical properties of the surface comprise another major determinant of tone. The complex dielectric constant of a material varies directly with contained water. Penetration is greatest and reflection least for low water content.
As might be expected, texture, shape and pattern are the major discriminants used in interpreting SLAR data. Microtexture, or speckle, is an inherent random noise in the system which is commonly expressed as a fine texture in specular reflectances.
Mesotexture in the SLAR data represents oriented, small-scale features in plant communities, as well as minor topographical relief. Macrotextures represent the coarser geomorphic elements of the terrain and are the principal features used in geological interpretation. Slope of surface and relative relief can also be estimated (Reeves et al., 1975 (Reeves et al., , p. 1006 (Reeves et al., -1008 .
SLAR is most useful for the study of near-surface geological features because current systems have very limited penetration into the ground or overlying vegetation. Geomorphic patterns and textures are well expressed; hence, a knowledge of local geomorphology is important. SLAR images can assist in distinguishing surficial materials, outcrop boundaries, fractures, foliation and other structure (Reeves et al., 1975 (Reeves et al., , p. 1224 (Reeves et al., -1231 (Reeves et al., , 1271 (Reeves et al., -1289 Dellwig and Moore, 1977) . Distinctions between rock types may be apparent in lightly vegetated or arid regions, especially jf there is associated microrelief of the order of the radar wavelength (ca 3 cm) or greater, as on alluvial fans or volcanic flows. In the presence of abundant vegetation, such distinctions are difficult to make unless different vegetational communities are also associated with the rock types. However, it is worth noting that many of these features are also displayed on airphotos, especially if the photos are acquired at low solar inclinations (c.f. Reeves et al., 1975 Reeves et al., , p.1174 Reeves et al., -1175 Lyon et al., 1970) .
Synthetic aperture radar has been flown over large areas of remote tropical rain forest where persistent cloud cover precludes systematic aerial photography. The final maps are mosaics at a scale of 1:250 ODD. Such maps are available for all of Brazil and parts of Venezuela, Colombia, Peru and Bolivia. Other SLAR coverage is available for smaller areas in Panama, United States and other countries. Such maps provide valuable geographic and geological information for large areas about which Ii ttle was previously known.
Where SLAR data are widely and inexpensively available (because of government support as in Brazil and USSR), they have been used extensively in mineral exploration. Kirwan (Hood, 1977, p. 9-10) noted that synergistic analysis of SLAR and Landsat has given major impetus to geological mapping and mineral exploration in Brazil.
The major value of current SLAR systems for mineral exploration is related to the acquisition of regional information about remote, poorly mapped areas obscured by persistent cloud. SLAR data can be acquired very rapidly, regardless of weather or lighting conditions. The systems can be flown at high altitudes to present relatively detailed, multi-interest images of large areas. Under such conditions, the delineation of drainage and the mapping of structure and other geological features may be well worth the additional cost to exploration, especially if the data can be applied subsequently in other disciplines relevant to natural resources and regional development.
Aerial Thermography
Airborne line scanners are complex optical-mechanical instruments that can make single-band or multispectral measurements in parts of the ultraviolet, visible and infrared regions of the electromagnetic spectrum (Reeves et al., 1975, p. 375-397) . Radiation intensity is measured by a sensing system that scans a line perpendicular to the track of the aircraft. Hence, the data do not have fixed geometry and must be corrected for a variety of distortions related to movement of the aircraft (Reeves et a1., 1975, p. 953-970) . The electrical signal from the detector can be recorded on magnetic tare or on strip film.
At present, aerial photography is a less expensive alternative for surveying the reflectivc radiations.
UV scanning has not developed practical applications. Hence, only aerial thermography has the imminent potential of providing new data for mineral exploration.
Most thermal infrared (TlR) systems operate in two atmospheric windows: 3.5 to 5.5 micrometres and 8 to 14 micro metres. In those bands, thermometric temperature and emissivity of the surficial materials are the principal determinants of signal strength. The emissivities of rocks and soils depend largely on thc roughness of their surfaces and on their chemical composi tion, especially the moisture content. The thermometric (or true) temperature depends on the heating or cooling history of the material and on its thermal inertia or rate of heat transfer. Water, for example, has high thermal inertia and thus warms or cools very slowly. Consequently, its diurnal temperature range is small. On the other hand, rock has low thermal inertia and a much larger diurnal temperature range. The combination of different emissivities and different thermometric temperatures in rocks and soils can produce large contrasts in radiometric (or apparent) temperature.
Time of day and season of the year are important parameters affecting both data acquisi tion and subsequent interpretation. Emission of TlR radiation from the surface of materials varies with time because of differential heating and cooling which in turn are related to intensity and angle of incidence of the sol8r illumination.
Thus, two different materials may have contrasting radiometric temperatures at one time but will not be separable at other times when such temperatures are similar i.e. during diurnal or seasonal crossovers (c. f. Spectral Africa, 1977).
For geological purposes, nighttime imagery is superior to daytime imagery. Predawn appears to be the best time for thermography directed to geological objectives (Reeves et aI., 1975, p. 964; Spectral Africa, 1977) .
The predawn conditions minimize sobr contribution and emphasize reradiation of energy and, hence, the physical properties of rocks and soils. Maximum thermal contrast is attained early in the evening but effects of air temperature and shadowing may be significant also. Thus, in ordcr to define specific requirements, an understanding of local diurnal and seasonal conditions should be obtained.
The standard TJR product is a black-and-white image which is a spatial record of radiometric temperatures within the field of view. Usually, cold areas are dark grey to black and warm areas are light grey to white. The image may, or may not, be corrected for geometric distortions.
The mapping of TJR contrasts with reasonable resolution requires careful planning to minimize and correct geometric distortions so that a mosaic can be prepared. However, such corrections are not usually adequate for a precise planimetric presentation.
Practical interpretation is based on standard photogeologic principles, augmented by experience with TIR. Radiometric temperature contrasts may be enhanced by density slicing and/or colour coding. Calibrated TIR data may be obtained and contoured maps of temperature can be prepared. However, such data have had limited use in the search for metallic ores. Artifacts, umelated to geology, may appear in the TIR data as a result of electronic noise, level shifts, wind and weather conditions and blooming or exaggeration of hot spots (Sabins, 1973; Quiel, 1974; Slaney, 1971 ).
Because of the many variables affecting aerial thermography, extensive field work is required to identify subtle radiometric contrasts. In the past, practical geological applications have been limited to major thermal contrasts such as volcanoes, hot springs and fumaroles and major emissivity/thermal contrasts such as moist soil in and over fault zones or thin, dry soil over bedrock (Fig. 22.1 ). Extensive tests in arid alluvial terrains, however, have recently shown that remarkable detail concerning bedrock structure and lithology can be obtained by aerial thermography during the dry season (Spectral Africa, 1977) . Few comparable details are recognizable on relevant conventional aerial photographs.
While there is much promise in the technique of discriminating rock types on the basis of their thermal inertia, it has not yet become an operational technique for mineral exploration (Gillespie and Kahle, 1977) .
Orbital Remote Sensing
Meteorological and Manned Spacecraft
Systematic remote sensing from space began in 1958 with the meteorological satellites, particularly the Nimbus and current NOAA systems.
From the viewpoint of a photogeologist, meteorological sensing systems have improved in resolution (to about 0.5 km) but they still are useful only for very small-scale studies, repetitive observations of large regional features and, of course, weather factors that determine operational condi tions (Reeves et al., 1975 (Reeves et al., , p. 565-577, 583-586, 1244 Gregory and Moore, 1976, p. 155) . The geological information that can be derived from these telemetered black-and-white images (both visible and thermal infrared) is simply inadequate for most applications in mineral exploration (c.f. Reeves et a1., 1975, p. 972-973) .
Manned spacecraft have provided more detailed data in several bands of the electromagnetic spectrum for those regions of the Earth over which the spacecraft have passed. None of these systems was designed specifically for remote sensing, although the Mercury, Gemini, Apollo and Skylab programs all returned useful, and sometimes spectacular, images that can be used in mineral exploration.
The resolution (of up to 10 m) is adequate for many geological applications (Mafti and Simpson, 1977; Cassinis et a1., 1975; Reeves et aI., 1975 Reeves et aI., , p. 577-583, 1244 Reeves et aI., -1247 . However, the images are limited in geographic location to the lower latitudes, they are rarely repetitive and they are not current. For these reasons, such data have not received much attention in Canada although they may be very useful where relevant coverage is available (c. f. Fischer et al., 1976) . 
Landsat (ERTS)
On July 23, 1972, NASA launched the experimental Earth Resources Technology Satelli te (ER TS-l) to begin an era of systematic and relatively detailed exploration of the world's land areas from space. A second, similar satelli te was launched January 22, 1975 and both were renamed as Landsat-l and Landsat-2. These satelli tes provided data from a 4-band multispectral scanner (MSS) that recorded in two bands of the visible spectrum and two bands of the reflective infrared (Williams and Carter, 1976; Short et aI., 1976) . Weather permitting, each Landsat collects MSS data every 18 days over preselected areas in its near-polar, sunsynchronous orbit. Coverage of all land masses at least once is a principal goal of the program. Landsat-I, which operated well beyond its designed lifetime, is no longer operational. When both satelli tes were operating, data were collected every 9 days. A similar satellite, Landsat-3, was launched on March 3, 1978, to record the same 4 bands plus an additional thermal infrared band as well. These satelli tes also carry a data collection system that relays data by telemetry from remote ground platforms via Landsat to a central readout terminal.
The remotely sensed data provided by the current Landsat system comprise: four black-and-white images in visible green, visible red and two non-thermal infrared bands. Relevant computer compatible tapes (CCTs) are also available. The CCTs provide 64 levels of radiation intensity with an inherent resolution of 80 m, whereas the photographic products have the same resolution and the equivalent of 16 levels of intensity.
False colour composites are usually prepared for any scene with three appropriate bands (c.L PI. 3). Digital processing is used to locate ground control, to perform radiometric and geometric corrections and to compile the image. The standard products 1 (false colour and 4 bands) are near-orthographic prints with common, pre-selected scene geometry and a scale of 1:1 million. Each scene represents about 34 000 km 2 (or about 13 000 sq. miles). Ground resolution is of the order of 80 m for many observable geological features but smaller targets with high contrast are often recorded. Other types of data that may be acquired include: transparencies, enlargements, mosaics, digi tal enhancements, digital transforms and, for Canada only, microfiche for one infrared band (MSS 6).
Most systematic interpretation of Landsat data for mineral exploration is based on the recognition of tonal contrasts, shapes and patterns using standard photogeologic techniques adapted to the selected wavebands (Gregory and Morley, 1977; Wukelic et aI., 1976; Gregory and Moore, 1975) . While prints are widely used in visual interpretation, transparencies may be usefully projected at various scales onto airphotos and topographic, geological or geophysical maps. Such projections can be used for systematic interpretation with a "zoom" capability for focusing on detail at scales as large as 1:30 000 provided that the targets have dimensions of 100 m or more, depending upon relative contrast.
The most common type of interpretation (i.e. monocular, single band analysis) should take into account the wavelength being interpreted because the black-and-white images are not directly analogous to ordinary aerial photographs· 2. Stereoscopic viewing of Landsat images is feasible but is inherently Ii mited by the geometry of the sensing system. Such stereoscopy is unidirectional along the scan line rather than omnidirectional as in aerial photography.
Stereoscopic capability improves with increasing geographic latitude or occasional orbit overlaps. In these cases, the technique can be exploited to study major geological features such as incised river valleys or mountain belts but it is not suitable for most photogrammetric purposes (c.f. Welsh and Lo, 1977) . In addition, pseudostereoscopic viewing of the same scene in two bands (i.e. band-lap stereo) or at two times (time-lap stereo) may also provide information useful for mineral exploration.
A colour composite is prepared from 3 bands which may be variously coded by colour. Some composites approximate natural colour but the most common type simulates aerial colour infrared (CIR) film, a product which has been a standard tool of photointerpreters for many years. On the Landsat equivalent of this latter product, healthy vegetation appears red because chlorophyll is one of the best reflectors of the infrared radiation (which is coded red) while clear, deep water is a strong absorber and thus appears black.
A heavy cover of vegetation may obscure bedrock features. However, Kirwan (Hood, 1977, p. 9 ) noted that controlled colour composites have improved the interpretabili ty of Landsat images, especially for terrains covered by tropical rainforest. Similar improvements can be achieved by digital processing (c.f. Offield et aI., 1977) and by selective filtering in projection systems.
Visual thematic classifications have been used to map mine wastes, geological formations, laterites and placers, as well as environmental and vegetational themes. Such c1assi fications, are based on spectral response, texture and context. Digital classifications of spectral data appear to be on the threshold of practicality for a few specific geological applications in arid areas (see page 521) but, in most cases, further research appears warranted to define costs and applicabili ty to mineral exploration.
Densi ty slicing and other forms of optical-mechanical analysis have not found major applications in the search for ore.
Unlike most aerial photography Landsat data are not always acquired under optimal conditions. Further, seasonal aspects of climate, weather and illumination provide different views that may preclude, hinder or assist the interpretation of geology.
Therefore, it is preferable to visually select data for each interpretation. Such selection of optimal data should consider the following interrelated factors: coverage, scene quali ty, seasonal aspects, waveband, format and delivery schedule (Gregory and Moore, 1975 Images in MSS 5 (visible red) have tones and contrasts that will be most familiar to the photogeologist as they approximate the common panchromatic photograph, or, more closely, the less common orthochromatic photograph.
2. Uniform surface of a thin cover of snow or sand obscures terrain noise and serves to emphasize topography and penetrative structures especially in conjunction with low sun;
3. Residual snow and ice remaining in the solar lee of hills and depressions enhances associated linears;
4. Meltwater swells drainage channels and temporarily fills minor drainage features to enhance linears, particularly through low reflectance in the infrared bands;
5. Soil moisture patterns following rainfall in semiarid regions may enhance soil and related bedrock contrasts;
6. Preferential growth of vegetation may enhance associated rocks and soils because of the high infrared reflectance of vegetation; relative vigour of growth is measurable.
The chief value of Landsat data to the search for ore lies in the regional view and the moderate level of detail that is presented in either a single frame or a mosaic. As can be readily seen through comparison of relevant maps and images at the same scale, many Landsat images portray greater detail in topography and geology than do the comparable maps. With experience, Landsat images can be used at scales of 1:50 000 or larger although they lack the detail of photographs at similar scales. However, Landsat does not provide definitive information about rock composition or the third dimension of depth below the surface.
While neglect of spectral content in the four bands is not recommended, photogeological interpretation alone can provide much geological information that is valuable in the search for ore. As such, these simple techniques may be readily adopted by an experienced field geologist. Information interpreted from Landsat can assist mineral exploration with: mapping of major geological units; discrimination of rock classes (such as alluVium, sedimentary rocks, metamorphic rocks, granitic gneisses, intrusions and volcanic cones and flows); mapping of structures l , including linears; and detection of alteration zones and other broad surface indications of mineralization. Such geological mapping has already effected significant savings in time, by factors of 3 to 10, relative to conventional mapping at similar scales. Many examples of these benefits have been published recently (Palabekiroglu, 1974; Slaney, 1974; Barthelemy and Dempster, 1975; Gregory and Moore, 1975; Viljoen et al., 1975; Short et al., 1976; Williams and Carter, 1976; Iranpaneh, 1977; Shazly et al., 1977; Woll and Fischer, 1977) . Alteration zones in arid regions may be visually delineated (c.f. Schmidt, 1973; Smith et al., in press) but digital modification can provide significant improvements (see page 521).
In addition, Landsat images can be used in appropriate enlargements as relatively detailed base maps for reconnaissance, as control for preparing mosaics of aerial photographs and, under favourable conditions, as a base map for compiling airborne geophysical surveys.
Costs of Remote Sensing Applied to Ute Search for Ore
The costs of acquiring and interpreting remotely sensed data are estimated in Table 22 .1. Few definitive costs have been published except for aerial photography. Hence, the tabulation should be construed as a preliminary approximation. It is based on many bits of information including price lists, published papers, personal communications and experience, all of which were updated to 1977 dollars. Even if actual costs vary by a factor of 2 or 3, the trends remain obvious. The current cost of acqUiring Landsat data is much less than the cost of interpretation. This is rarely true for other types of remote sensing except under special but analogous circumstances i.e. when the data have been acquired by government for multiple use and are sold across the counter at nominal prices. Otherwise, the cost of new airborne sensing is greater than the cost of interpretation and much greater than the total cost of interpreted Landsat data. While significant savings can be effected for airborne surveys of very large areas, the cost per unit area will still be greater than current Landsat costs.
Cost, however, should be balanced against the desired level of detail which is inherently greater for airborne surveys.
Equally noticeable is the fact that the total cost for small scale photography is only about twice the total cost for Landsat if the airborne data are available across the counter at a nommal price. In Canada, the wide availabili ty of blackand-white aerial photography is comparable to that of Landsat. Also, total costs for interpreted information are low for both types of sensing. Undoubtedly, these two factors (i.e. wide availability of data and low cost of visual analysis) are major reasons for the emphasis on those two types of sensing by the exploration industry in Canada (c. f. page 514).
Although they lack the detail of aerial photographs, Landsat data have a number of unique advantages relative to aerial photography, including:
(1) synoptic scale, which makes it possible to view major features in their entirety;
(2) constant raked illumination, which results in uniform presentation of features over a large area; However, the principal benefit to mineral exploration from any remote sensing lies in the quality of geological information that can be derived from the data. Except for very special conditions, this paper shows that conventional aerial photography and Landsat can provide more useful information per exploration dollar than other types of remote sensing (as defined herein). Landsat has advantages relative to its generality and spectral/temporal content while conventional aerial photography provides detail. The systems, thus, are complementary rather than competitive sources of data.
CHALLENGES TO THE ADVANCE OF REMOTE SENSING IN THE SEARCH FOR ORE
At the present time, the role of remote sensing in mineral exploration is undergoing quiet assessment in Canada and elsewhere in the world. In part, this reflects the current low level of exploration activity in this country. There is little doubt, though, that simple practical applications of remote sensing have been recognized and are being integrated with other exploration tools.
Further advances of remote sensing with specific application to mineral exploration will require that the mining industry face up to several major challenges and decide which challenge, if any, it wishes to accept. There are two interrelated types of challenge: technical and financial. 2 Single purpose, single coverage.
3 Including a mobilization cost of $1000.
This section of the paper is concerned primarily with the former although, without doubt, the greatest challenge is financial.
Technical Challenges
A multitude of specific sensing needs that are related to particular systems can be quickly identified by any experienced technologist e.g. improvements in spectral and spatial resolution of a sensor, refinements to corrections for attenuation or development of a new algorithm to enhClnce contrasts. Geologists and geophysicists com identify needs related to characteristic spectral radiances for rocks or better understanding of the ubiquitous lineal'S which have well publicized, but poorly defined, relationships to ore (c. f. Carter et aI., 1977; Gilluly, 1976) .
All such problems, however, are details -though important details -which do not alter the fact that the current capabilities of remote sensing CCln now provide signi ficant assistance in the search for ore.
However, there are two broader technical challenges which, if they are Clpproached in orderly way, can be overcome to advance not just remote sensing but also mineral exploration in general. 6 Subject to minimal cost of data for 1 scene as given in brackets.
These challenges, which are related to the practicality of digital preprocessing (see page 513), are not inherently system specific, although current focus is on Landsat. These challenges are:
1. Correlation of multiple data sets, and 2. Digital modifications to assist geological interpretation.
Correlation of Multiple Data Sets
The principles of synergism, or integration of different sets of data to produce more or better information than the sets can separately provide, are receiving much current attention in remote sensing. While he may not recognize the terminology, the experienced explorationist is familiar with the principles and intuitively practices them in his everyday work. He uses converging lines of evidence and optimizes his interpretation by integrating all relevant geological, geophysical, geochemical and topographical data. Commonly, this is done by mental approximations, by overlaying maps at the same scale or by projecting an image of one set of data onto another data base. The limitations for multiple data sets are obvious. Recently, digital techniques have been developed to register Landsat data with other data, including Landsat data for different times as well as SLAR and geophysical data (c.f. Fischer et al., 1976; Harris and Graham, 1976; Anuta, 1977; Reeves et al., 1975 Reeves et al., , p. 1100 . Perhaps the most significant trend with respect to mineral exploration is the ultimate development of precise location of data relative to ground control or other field data (c.f. Raynolds and Lyon, 1976) .
With re~;pect to practical application, these developments are still experimental in that their specific advantages and costs for use in mineral exploratiorl have not been established. Their potential for correlation and probability analyses could be of value in mineral exploration if we can decide what data sets should be combined and what goals should focus the synergism.
The visual correlation of Landsat prints and transparencies with other (e.g. geophysical) data is now a practical simple method of synergistic analysis.
Further improvements are warranted, including:
better image quality, a broader range of photographic enhancements and augmented optical projection systems with magnifications of the order of 30X to 100X. Further research is required to determine the need for cosmetic improvements, contrast stretching, preselection of density levels, band ratios, etc., and, especially, to define the most useful products for specific conditions.
Digital Modification to Assist Geological Interpretation
Background
Optional cosmetic improvements can now be effected on Landsat imnges, usually at considerable expense. Noise, striping and dropped lines may be removed (Goetz et al., 1975) and definition improved (Longshaw et a!., 1976 ) to obtain a more aesthetically pleasing image. However, the image must still be interpreted to derive geological information. While there appears to be an improvement in interpretability for some images, it has not yet been established that the improvement is generally worth the additional cost. In fact, it now seems likely that cosmetic improvements and reductions to standard conditions (c.f. Ahern et al., 1977) are not essential for geological interpretation. The human interpreter can handle adequately the relatively small interference and bias, except for subtle geological contrasts that require enhancement in any case.
Other modifications, however, have exciting potential. Enhancements can serve to emphasize subtle spectral contrasts that may have lithologic significance (Goetz et al., 1975) . Also, spectral classifications and transformations can define areas with similar spectral characteristics and may help to discriminate rock types (Podwysocki et al., 1977) . While exciting, these modifications contain a major pitfall: it is too easily -nnd too commonly -assumed that spectral classes (often called thematic classes by digitClI analysts) are the same as user-defined thematic classes for rocks and soils on the surface of the ground. Fortunately, the magnitude of this problem is declining with increasing involvement of geologists in digital processing.
The thematic classification of rocks by remote sensing is hindered by many almost overwhelming factors. First of all, the spectral radiance of rocks in situ is rarely characteristic in any available waveband and usually requires textural information for even generalized classification (c.f. Podwysocki et a!., 1977; Rowan et a!., 1976) .
Further, outcrops of rock comprise a minor part of many landscapes although massive exposures are not uncommon. Frequently, the outcrops are obscured by weathered surfaces, lichen, moss, dust, rain or snow or an overhanging canopy of vegetation. And as every geologist knows, each rock type is represented by a range of compositions. Because of these factors, the absolute identification of rock types by remote sensing is a highly improbable task.
However, spectral discrimination (or separation of spectral units and subtle contrasts) may, under certain conditions, facilitate future mapping of rock units and alterations.
Arid and semiarid areas
Digi tal processing techni ques have been developed to retain textural information in n modified image. Under arid conditions, these images may be useful in discriminating among rock types (Podwysocki et al., 1977; Rowan et al., 1976; Goetz et al., 1975) . Spectrnl classifications, devoid of texture, do not appear to be useful for mapping similar arid areas (Siegal and Abrams, 1976) .
Discrimination of altered zones related to ore deposits has received much attention. Current work is based mainly on the enhancement of reflectance minima resulting from absorption bands representing ferric iron (primarily limonite, jarosite, etc.) and hydroxyls in clays (c.f. PI. 4). Rowan et al. (197(" 1977) used stretched ratio enhancements to discriminate both limonitic nnd siliceous hydrothermal alterations in a Tertiary volcanic complex in the Nevadan deser-!:. Shales and siltstones, being similar in composition to the nltered rocks, were not separable. In Western Australia, Smith et a!. (1978) used digital analysis to improve on their visual thematic classification of hydrothermal silicate alter-ation in flow tops in a Keeweenawan-type volcanic sequence. Current success seems to be dependent on minimal shadowing from flat to slightly undulating terrain, flat formational dips that provide broad targets, and a weathered profile that accentuates the spectral contrast between altered flow tops and less altered basalts. Discriminatory capabilities were similarly assessed for iron oxides associated with uranium deposits in flat lying, pallid sedimentary rocks of Wyoming (Offield, 1976; Vincent, 1977) and iron oxides associated with mercury in the McDermitt caldera of Nevada and Oregon (Raynolds and Lyon, 197(, ) . Similar modifications to Landsat data have delineated anomalies considered to represent sulphates and alteration zones associated with porphyry coppers in Pakistan (Schmidt, 1976; Schmidt and Berstein, 1977) . In the latter case, no significant amounts of ferric iron were present in the alteration. Schmidt (1976) also tested his technique in a quasi-exploration context and selected 23 targets for prospecting iTl areas adjacent to his training site. Seven of these areas contained hydrothermally altered rock, mostly porphyry (Schmidt, pers. comm., 1977) .
All of these feasibility studies used data for arid to semiarid si tes. In all cases, known alteration zones were delineated although errors were more numerous than desirnhlc. Errors of commission (misidentifications or false alarms) and errors of omission (nonrecognition of known occurrences) were both experienced. On the other hand, it is debatable whether such errors arc any more numerous than those experienced with other exploration techniques, especially at a comparable early stage in the development of those techniques.
Moderate vegetational cover
To date, digital modifications of Landsat data seem to work best in areas with little or no vegetation. Grasses and trees can significantly mask and alter the spectral reflectance of the ground as measured by sensors in aircraft or satelli tes (c. f. Siegal and Goetz, 1977) . A cover of about 30 per cent green vegetation may overwhelm the reflectance of underlying rocks and soils. Indeed, if such materials have low albedo, the reflectance may be altered beyond recognition by only 10 per cent green cover. On the other hand, dead or dry vegetation has minimal effect on reflectance from the ground (Levine, 1975) .
The staff of Gregory Geoscience Limited have attempted to adapt some of these digital classifications for use on the tundra where there may be abundant grass but no tree canopy. Spectral classifications based on band ratios were not successful in identifying gossans associated with the Muskox intrusion but they partially discriminated between several rock types (H.D. Moore, pel's. comm., 1976) . Subsequent work followed up on rock discrimination in an area near the Great Bend of the Coppermine River, N.W.T. where the dominant lithologies are flatly dipping basalt, sandstone and dolomite with sandy alluvium. Various ratios of MSS bands and algebraic combinations of ratios were tried but separations were incomplete (P. Chagarlamudi, pel's. comm., 1977) . An attempt was then made to strip out the vegetational contribution by developing a complex algorithm that minimized the effect of vegetation. On a pixel-by-pixel basis, this classification provided encouraging results but further testing has not been completed.
Spectral geobotanic anomalies
Vegetation covers over two thirds of the land surface of the world and the root systems sample the solutions in underlying soils and bedrock. Geobotanical anomalies are known to be related to metallic mineralization under certain conditions and relevant surveys are used in mineral exploration. It is not surprising, then, that the concept of measuring related spectral anomalies by remote sensing has been investigated for several years.
Except for relatively short transient changes, natural vegetation is always in equilibrium with the soil, moisture and climate. Contemporary research indicates that vegetation with an intake of excess metal ions or complexes will develop stress symptoms. Relative to unstressed vegetation, such symptoms are manifested by both geometric and spectral differences e.g. extinction of some species, unique plant associations, stunting, sparse foliage, wilting or chlorosis, among others. It is possible, then, that plant communities could serve as surrogates for the chemical state of soils and soil sol uti ons and, hence, for minerali zation. Related biophysical anomalies could be expected to have dimensions of a kilQmetre or more.
Aerial multi band photography and modified Landsat data have been used to test the feasibili ty of mapping biophysical anomalies related to stress. As noted previously, multiband photography has serious limitations as an exploration technique, despite some seeming successes (c.f. Canney, 1975) . Evidence from Landsat is equivocal. Anomalies have been delineated and related to copper poisoning in the boreal birch forests of Norway (B~lviken et aI., 1977) , and to molybdenum poisoning in the pine and juniper forests of Nevada (Lyon, 1977) .
The specific causes of spectral anomalies in both areas are uncertain. Low ratios for band 7/band 5 (or band 4) may result from spectral contrasts such as chlorosis, from textural contrasts such as sparse foliage or from some combination of the two. At the Norwegian test site, clearings unrelated to copper poisoning have a normal grass cover. Hence, their high 715 ratios serve to separate them from the poisoned areas. No similar anomalies were found in tropical rain forest over a porphyry copper deposit (Lyon, ibid.) .
Experience has shown that the link between geobotanical anomalies and ore may be tenuous. The link between a remotely sensed anomaly and ore will be even more so, in part because there are othcr natural causes of stress.
Nevertheless, current results should encourage further work if only to define the most favourable environment in which to continue development. It may be, for example, that the best time to detect metal toxicity in vegetation is during the time when the regional plant community is under uniform stress so that metal poisoning is accelerated in plants adjacent to mineralization. Such uniform stress could result from irregular but persistent droughts in temperate climates or from the annual dry season in more arid areas.
Summary
The successful, though limited, detection of Landsat anomalies related to metallic mineralization and geobotanic anomalies points to an obvious extension: a more detailed study with more specific bands in an airborne multispectral scanner. Above all, however, successful discrimination of alteration zones, rocks or geobotanical anomalies by sensors in aircraft or satellites must be shown to be cost-effective in an exploration context. To date, the costs appear to be too high for general use although they may be acceptable for specialized surveys in areas where specific useful contrasts have been identified.
Financial Challenges
Remote sensing is an array of interdisciplinary technologies that depends upon many fields of science. This requirement for broad knowledge, plus specialization, is a strength in that it builds on converging lines of evidence to reach decisions. Unfortunately, it is also a weakness because the scope cuts across accepted boundaries of science, practice and administration. Nothing shows this better than the lack of a co-ordinated program for developing practical applications of remote sensing in Canada. Over the past seven years, the federal government has invested millions of dollars in the technology and methodology of remote sensing (c. f. annual reports of the Canadian Advisory Committee on Remote Sensing). As a consequence, Canadians are in the forefront as far as acquiring data and creating products of high quality.
During that seven years, however, neither government nor industry in Canada has invested even a small fraction of those millions in the development of practical applications. This has resulted in a severe gap in credibili ty with respect to the use of remote sensing --and not only in the mineral industry.
Five years ago, it seemed obvious (Gregory, 1973, p. 89-91) that the innovators of remote sensing faced the same problems that are experienced by any other innovator of a new product -the problems of identifying and assessing the market. The principal determinants of successful sales (i.e. use of a product) are two interrelated factors: technical quality of the product and acceptability to the user. Both must be high. The evidence to date shows that current remote sensing products are consistently of high quality. What then can be done for acceptabili ty to the user and, more specifically, the user in mineral exploration?
With respect to mineral exploration in particular, the key requirement still seems to be a need for demonstration projects, both visual and digital, with a practical costeffective focus. This paper, backed up by relevant detail in the references, shows that certain types of remote sensing can now make significant contributions to practical mineral exploration. It is no criticism of those involved to say that these practices are relatively simple.
How can they be otherwise in a time when investment by Canadian industry in research and development is rapidly declining and when the government contribution to the development of practical applications of remote sensing, especially for geology and mineral exploration, is almost negligible?
A co-ordinated program could bring together many id8as about the practical application of remote sensing to the search for ore. Such ideas may be technical and related to making sensors or data more specific to the needs of mineral exploration. They may be geological and related to understanding what we have sensed and what we should sense. As isolated projects, such ideas are difficult to sell to either government or industry.
But by combining the splendid capabilities of government agencies with the practical experience of the exploration industry, the ideas could be filtered and developed into practical applications.
Of course, the major challenge is funding in the current economic climate. Perhaps the solution is a shared common fund with interdisciplinary support for the development of practical applications. The annual cost need not be great and initially could be less than the annual cost of a small exploration program. Most of the money would be expended on salaries and office expenses. Hardware and technology, already supported by a co-ordinated program, might continue to be shared. A comparable vehicle to support the development of practical applications should achieve comparable advances.
Industry and government can work together towards such an end. It is not the lack of an operational satelli te that confounds the development of practical applications of remote sensing, but the lack of a co-operative will to do something practical with the available data -even for mineral exploration.
SUMMARY AND FORECAST
In several large countries around the world, conventional aerial photography and Landsat images comprise complementary data that are widely used in minerDI exploration. Conventional photography provides detail while Landsat data have advantages related to their overview and spectral/temporal content. Both tools are relatively simple and inexpensive to apply in the search for ore, although neither is specific with respect to the precise location of ore. The practices of photogeology are well established and can be adapted to Landsat with little difficulty. In general, Landsat images are so inexpensive per unit area and their information content is so comprehensive, that no regional exploration program should proceed without preliminary analysis of carefully selected images. Digital analysis of Landsat data has an encouraging potential that can, in some cases, be exploi ted.
However, in general, further development is required to define limiting conditions and costs as applied to mineral exploration.
Side-looking airborne radal (SLAR) and aerial thermography can meet specific needs in the search for ore. Under certain conditions, one or the other may be the only means of providing essential exploration data.
In some countries, SLAR is becoming more widely available through government acquisition. In such countries, SLAR imagery is widely used in geological mapping and mineral exploration. Aerial thermography yields significant amounts of geological information that may not be apparent from conventional aerial photography, especially for arid areas with sparse outcrop.
In the future, airborne remote sensing will develop as a specialized source of detailed information. There will be increased emphasis on multispectral scanners, selection of diagnostic wavelengths and digital processing to meet specific needs. Orbital remote sensing will provide higher resolution, perhaps with a zoom capability, although still retaining synopticity. Increased government participation in the acquisition of regional data seems probable because the high costs for large areas can be shared by several users.
The gap between remotely sensed data and information needed for mineral exploration will decline as government and industry recognize the need for co-ordinated effort in order to develop future reserves of ore. Much of that ore lies buried under soil and vegetation.
In learning to deal effectively with those constraints, many new tools will be needed, including remote sensors to map new attributes of geology e.g. alteration patterns in residual soils, ghost lineal'S that reflect buried structures and biophysical anomalies related to geobotanical stresses. To further these ends, a coordinated program for developing specific applications of remote sensing should be started now.
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